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This thesis contains the results of various green concrete samples subjected to 
different vibration intensities to determine how green concrete withstands against these 
vibration intensities. The green concrete was exposed to these vibrations at times before, 
during, and after the concrete had set.  The concrete was also exposed to different timed 
durations while being subjected to the different vibration levels.  Every batch of concrete 
mixed included a controlled (un-vibrated) set of cylinders and a vibrated set of cylinders.  
The compressive strength and the resistivity of these concrete cylinders were measured 
and compared to determine if there was any significant difference between the two sets.  
It was found that the vibrations subjected to the cylinders did not create a significant 
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The acceptability of vibrations on green, early age, concrete has become an 
interest in MDOT specifications due to construction delays caused by the vibrations of 
shaft excavations.  The Mississippi Standard Specifications for Road and Bridge 
Construction dealing with the matter of green concrete in shaft excavations states that 
new shafts cannot be advanced within 30 feet of a shaft with green concrete until the 
compressive strength reaches 2,500 psi.  This specification causes a substantial delay in 
construction time.  In turn, this increases the cost of construction that is eventually paid 
for by the state.   
This study was performed to determine whether green concrete can withstand 
various vibration levels without causing the concrete to have any negatively reacting 
structural qualities.  MDOT has stated that if green concrete can tolerate the vibration 
levels that are normally created on a typical shaft excavating construction site, then 
MDOT will possibly be allowed to modify their specifications when dealing with shaft 
placement within the boundaries of green concrete.  On the other hand, if the vibration 
levels cause a weakening effect on the concrete, then a minimum compressive strength 
may be recommended. 
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Shaft foundations are not the only thing that can cause vibrations in the 
transportation infrastructure.  This study will be useful for any applications of concrete 






Studies done deciphering whether vibrations affect the properties of fresh 
concrete have been examined in many cases over the years.  These could include blast 
effects causing vibrations, shock waves from earthquake loads, traffic crossings, and 
more.  As stated previously, this case is more specified on vibrations caused by shaft 
excavations.  Although slightly different, these various circumstances all play a similar 
role in dealing with whether these vibrations are potentially harmful to green concrete. 
In many case studies, it was shown that vibrations did not affect the properties of 
fresh concrete.  In “Effect of Construction Induced Vibrations on Green Concrete in 
Drilled Shafts,” the research was very similar to mine.  This study dealt with vibrations 
induced by drilled shaft construction on green concrete in adjacent drilled shafts.  In this 
study, it was recommended that green concrete’s strength is proportional to the 
construction vibrations it is able to withstand.  Therefore, the peak particle velocity (ppv) 
may vary depending on the strength of the concrete [1].   
A study performed by Hulshizer and Desai was made by subjecting concrete 
cylinder specimens to various fixed frequencies and velocities using a shaker table at 
specified concrete ages.  The study was performed to determine whether shock vibrations 
effect freshly placed concrete.  For the laboratory tests, no specific trend was established 
in the change of cylinder strength with respect to any of the vibration levels and the 
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change of green concrete ages.  No vibration level was reached that could be associated 
with ultimate damage to the concrete tested.  Therefore, no evidence was found that 
would suggest that the shock vibrated green concrete that was tested would not 
structurally perform in accordance with its normal 28 day strength design values, or 
produce a less durable structure.  This resulted in significantly raising the blast/shock 
vibration limits of green concrete.  Design requirements were still conservative [2].  This 
primarily deals with compressive strength, but tensile strength should have a direct 
influence on the shock vibration resistance [3].   
Similarly, another study performed dealt with analyzing new test methods for 
evaluating the effects of shock vibration on concrete.  In this study, shock vibrations were 
applied to prismatic specimens by hammering each specimen at one end in a longitudinal 
direction.  An accelerometer was used to yield the ppv of the shock vibrations.  The study 
appeared to have little or no effect on the compressive strength of the concrete; however 
the tensile strength had a reduction of 20% due to the vibration damage [12].    
A study was performed on how much induced vibrations from vibratory 
compactors operating near newly placed foundations affect the attainable strength during 
the period of initial set and final set.  The experimental work for this study was 
performed by casting 144 3x6in concrete cylinders and subjecting them to 2 vibration 
levels.  These vibrations were set for either 1 to 2 minutes at 5 different age ranges from 
the time before, during, and after the setting period of the concrete.  In conclusion, the 
compressive strength was increased, which is shown in Figure 1.1.  This agreed with 
most studies that measure the impact of concrete strength which concludes that vibrations 




Figure 1.1 Induced Vibrations on Early Age Concrete Results 
 
A study performed by C. E. Bastian states that “Vibrations due to pile driving are 
not detrimental to concrete during its setting and curing period.”  It was shown that pile 
vibrations that were immediately adjacent to the freshly placed concrete did not cause 
any harm to the concrete.  The pile driving studies performed caused a ppv of 0.4 in./s for 
the first 7 hours of curing.  It was found that the vibrations caused an increase in concrete 
compressive strength of 4%.  Bastian proposed that the strength gain due to vibrations is 
most likely caused by the release of free water as bleed water [5]. 
Hulshizer did another case study called “Acceptable Shock and Vibration Limits 
for Freshly Placed and Maturing Concrete.”  The study was done to create a test program 
that would establish blast vibration limits based on the concretes actual performance that 
had matured up to 24 hours after casting.  This was done to help overcome major 
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construction delays.  Hulshizer states that “the most widely used peak particle velocity 
vibration limit over the years has been 2in./s” although this limit is not necessary due to 
the actual threshold strength that the concrete can endure.  Field tests were performed on 
cylinders, beams, and full-size wall specimens.  They were subject to different blast 
vibrations with different magnitudes at specified concrete ages.  Controlled concrete 
specimens were taken from the same batches as the ones subject to blast vibrations and 
were also tested.  Both specimens were load-tested at 7 and 28 days.  Laboratory tests 
were performed by utilized cylinders and reinforcement bond pullout specimens that 
were subjected to constant vibrations that were given by a shaker table.  Controlled 
specimens were cast from the same laboratory batch.  Nominal specimen maturity ages 
were 3, 6, 12, and 24 hours after casting.  The vibrated and controlled specimens were 
load tested at 7 and 28-day concrete ages.  The test frequencies chosen were 50, 100, 150 
Hz.  There was plenty of information to permit the establishment of “high” ppv limits on 
early-age concrete.  In this study, it was shown that it would be safe to establish vibration 
limits in the order of 5 in./sec and higher for concurrent concrete placement work without 
approaching a failure threshold in the concrete [11]. 
“The Effect of Coal Mill Vibration on Fresh Concrete” involved putting in new 
concrete cylinder foundations for new large coal mills at the location of the coal mill 
factory.  In this circumstance, operations continued while this construction was taking 
place.  Therefore, the vibrations were continuous on the new green concrete cylinders.  
Vibrations of the coal mill foundation was recorded over a range of 0 to 200 Hz 
frequency and analyzed to have maximum vertical amplitude of 0.7 to 1.7 mils occurring 
at 46 Hz.  The horizontal amplitude was 0.7, and the axial was 0.4 mil.  In conclusion of 
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this study, the concrete test cylinders did not suffer any adverse effects from the 
continuous vibrations created from the coal mill.  All tests showed that the vibrations 
produced a beneficial effect and increased the strength of the concrete over the control 
specimen [14]. 
Duff A. Abrams did an experiment on the effect of vibration, jigging, and 
pressure on fresh concrete.  This experiment performed a variety of tests on fresh 
concrete to see what effects vibration and pressure has on the concretes strength and other 
properties.  All test pieces consisted of 6 x 12 in. cylinders which were stored in damp 
sands for 28 days.  The form consisted of 12 in. lengths of cold-drawn steel tubing that 
was split along one element.  The vibration test had the cylinder molds bolted down to a 
light timber table and to a concrete specimen that was molded by the standard hand-
puddling method.  The violent vibration methods were created by holding an electric 
motor frame against the side of the steel form.  It was shown that vibrations for about 30 
seconds caused no ill effects to the strength of the concrete [15]. 
All the studies performed have shown that vibrations subjected to green concrete 
do not have an adverse effect on the compressive strength.  However, R. E. Spears said 
“The possibility exists that fresh concrete exposed during the first 24 hours to shock of 
unknown but presumably very great intensity through detonations or pile driving can 
suffer a loss in compressive strength.”  Spears dealt with multiple transitory vibrations 
subjected to fresh concrete, and he concluded that the lack of studies that have been done 
does not conclude that fresh concrete will not be damaged due to certain transitory 





One of MDOT’s original tasks was to identify locations where I could go and 
observe the construction of shafts.  The location chosen was on a construction site that 
was in Desoto County, about 10 minutes south of Olive Branch.  This site was working 
on creating a very long bypass that required several drilled shaft excavations and casing 
placements.  Using this site and the help of the construction crew and Heath Parker, an 
MDOT employee, I was able to record my finding of the different levels of vibrations 
that these casing created while being pulled out of the ground and put into the ground.   
2.1 Vibration Sensor 
In order to measure reading of these vibration levels, a sensor was needed.  I met 
with Michael Wright who worked for the MDOT Materials Division located in Jackson, 
MS, and he let me borrow a sensor to measure ground vibrations, so I could record these 
readings.  The vibration sensor I received was an Instantel MiniMate Plus, which is 




Figure 2.1 Instantel MiniMate Plus 
 
I was able to use this device out in the field by facing it in the direction of the 
casing that was either being pulled out or put into the ground.  The units that were given 
for these reading were in inches/second, giving a velocity recording.  The closer the 
sensor was to the casing, the stronger the vibration levels were.  As the casings were 
drawn in or out of the ground, the entire ground around it would start shaking.  For this 
reason, the sensor came with three spherical screws that were attached to the bottom of 
the sensor.  I was then able to place the screws through a steel plate level and bolt the 
sensor into the ground keeping it steady and level while still pointing in the direction of 
the given vibrations.  I was able to manually set up the vibration sensor and take readings 
off of it continually throughout the casing placement process.     
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2.2 Construction Site Visits 
I was able to visit the construction site in Desoto County three times.  The first 
was to find the location of the site and observe the construction.  The majority of what I 
saw was the performance of creating several shaft foundations for the bridge that was 
being built.  In order to do this, they had to excavate the locations the shafts were to go 
and place the casings inside the holes and hammer them into the ground until the depth 
length was reached.  Once this was done and the hole was excavated, concrete was 
poured inside.  This process went on for several months in order to get all of the shafts in 
place.  As shown below, the casings were very large and were lifted by cranes and placed 
in their specified location. 
 
 
Figure 2.2 Casing Placed in Location 
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I returned to the construction site on October 25, 2012 in hopes of getting all of 
the vibration recordings that I required.  However, I was not able to receive all the 
readings that I had hoped for due to some equipment malfunctions, but I was able to get 
two different measurements of casing being pulled out of the ground.  These vibration 
levels were not as strong as those created by the casings being put into the ground, which 
were the readings I was most interested in. 
My last trip to the Desoto County construction site was on December 7, 2012.  I 
was able to get the remainder of my recordings this day.  I had already taken readings 
from two of the casings being pulled out.  I was now able to take two readings of casings 
being put into the ground.  The vibrations created by these casing placements were quite 
higher than the readings taken from the two casings being pulled out.  With these 
measurements, I was able to have enough information to take back and use for my 
experimental work in the laboratory and duplicate the vibration intensities that were 
present in the field.    
2.3 Field Recordings 
 As previously mentioned, I was able to recorded four different sets of data for the 
vibrations created from the casings.  Two of these data sets are from casings being pulled 
out from the ground.  The other two data sets are from the casings being put into the 
ground.   
2.3.1 Casing Pulled Out 
On October 25, 2012, it had not rained in a few days at the construction site, so it 
was pretty dry.  I started recording my first set of measurements, and, initially, it was 
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hard to gain good readings for the first two recordings due to the unexpected vibration 
occurrences that were created by the casing.  This was due to the casing being pulled out 
6 to 7 feet at a time and then stopped to dump more concrete inside to help release voids 
from the container.  Once all the concrete needed was dumped in, the remainder of the 
casing was pulled out in about 30 seconds.  This particular casing was 46 feet long, and it 
was originally in the ground 41 feet before being pulled out.  The hole where this casing 
was placed was 66 inches in diameter and 70 feet deep.  The measurements for the first 
casing are shown in Table 2.1 below. 














2.3.2 2nd Casing Pulled Out 
The second casing pulled out was on the same day as the first.  Therefore, the 
weather conditions were the same.  However, the first casing had smaller increments of 
being pulled out of the ground to dump more concrete inside before the entire casing was 
pulled out.  This casing was only 38 feet in length, and it was only driven 33 feet into the 















2.3.3 1st Casing Put In 
On my last trip to the construction site in Desoto, it had rained the day before my 
arrival, therefore, creating muddy conditions to work in.  Although, I was able to find a 
location on the ground that was pretty solid for me to set up my vibration sensor and take 
my recordings.  The first casing that was put into the ground was 38 feet long with a 66 
inch diameter.  Before driving the casing in, 10 feet were drilled into the ground to give 
the casing a place to settle and help begin the driving process.  All the readings taken 
were recorded within 10 to 15 seconds of each other.  4 to 5 feet of the casing was left out 
of the ground.  The time it took for the casings to be driven into the ground was 
averaging around 20 to 30 minutes depending on the particular casing.  The results are 
shown below.  
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2.3.4 2nd Casing Put In 
The 2nd casing put in had almost identical conditions to the 1st casing put in, but I 
was able to get within 10 feet of the casing being driven in.  The change in distance from 
the casing created larger vibration intensity readings than any of the other measurements 
I had taken, as shown in Table 2.4.    
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Once the observed field vibrations were recorded, I was able to start the 
experimental work in the Civil Engineering Materials and Structures Lab on Mississippi 
State University’s campus.  The experimental work performed was done to determine the 
maximum values of vibrations that green concrete can handle without loss of structural 
properties.  This included exposing standard concrete cylinders to various intensities and 
durations of vibrations at various ages.  The magnitudes and length of vibrations were 
determined by the field observations recorded.  The sensitivity period between initial and 
final set of concrete included the concrete ages that were subjected to the vibrations.  The 
compressive strength was tested, and the resistivity of the concrete cylinders was 
measured.  The vibrated cylinders were compared to the controlled cylinders that were 
cast from the same concrete batch.   
3.1 Equipment Purchased 
In order to complete these tasks, equipment had to be purchased.  These 
commodities included a shake table and a resistivity probe (Resipod), along with some 
other pieces of equipment used for batching concrete.  The remaining pieces of 
equipment needed were supplied by the MSU Civil Engineering Department and the 
vibration sensor that was given by MDOT.   
 
17 
3.1.1 Shake Table 
The shake table purchased was used to subject the concrete cylinders to the 
specified vibration levels that were used.  This table had controls to increase or decrease 
the intensity of the vibrations, making it possible to implement similar conditions that 
were found in the field.   
 
Figure 3.1 Shake Table 
 
The different vibration levels were found by taking several readings along the 
table with the vibration sensor.  Once the desired level was set, the cylinders were ready 
to be placed on the table and subjected to the vibrations at their given age and timed 





Figure 3.2 Cylinders on Shake Table 
 
3.1.2 Resistivity Probe (Resipod) 
The resistivity was found to help determine the amount of cracks the concrete 
cylinders had.  The higher the resistivity meant there were fewer amount of cracks 
present in the cylinders.  In turn, this would support the idea that the concrete would be 
stronger and have less structural damage to the cylinder.  These measurements were taken 
at 1, 7, and 28 days after batch, along with the compressive strength test.  To take the 
resistivity measurements, the Resipod tips had to be dampened and then pressed into the 




Figure 3.3 Resistivity Probe (Resipod) 
 
While it helps decide whether many cracks are present or not, the corrosion of the 
concrete is what is being depicted.  Aggregate size, temperature, and moisture content of 
the concrete could all influence the measurement of the resistivity, but the guide showed 
below helps decide the likelihood of corrosion being present in the concrete cylinders.   
 Ρ > 12 kΩcm ( corrosion is unlikely) 
 P = 8 – 12 kΩcm ( corrosion is possible) 
 P < 8 kΩcm ( corrosion is fairly certain)  
3.2 Concrete Batches 
24 concrete batches were made for this experiment and every batch was unique 
when tested and subjected to vibrations.  Variations in vibration intensity, shake table 
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duration of vibration, and time vibrations applied to cylinders after batch were all factors 
in making each batch unique, along with using two different coarse aggregates. 
3.2.1 Concrete Material Properties 
The concrete materials used to mix the concrete consisted of fine aggregate sand, 
River Gravel coarse aggregate for half the batches and Limestone coarse aggregate for 
the other half, Portland Cement I-II, and Glenium 7500 (admixture).  The Glenium 7500 
was used for only a few of the batches.  The materials used were supplied by Mississippi 
Materials Company (MMC).  The source of the material and their properties are shown in 
Tables 3.1, 3.2, 3.3, and Appendix B. 
 









0.5  12.5       
0.38  9.5       
NO. 4  4.75  5.7 94.3
NO. 8  2.36  22.4 77.6
NO. 16  1.18  30.5 69.5
NO. 30  600 – um  40.4 59.6
NO. 40  425 – um  56.1 43.9
NO. 50  300 – um  79.7 20.3
NO. 100  150 – um  98.6 1.4
        


















2.5  63       
2  50       
1.5  37.5       
1.25  31.5       
1  25  7 93
0.75  19  30 70
0.5  12.5  62.1 37.9
0.38  9.5  76.8 23.2
NO. 4  4.75  97 3




















2.5  63       
2  50       
1.5  37.5       
1.25  31.5       
1  25  3.2 96.8
0.75  19  26.3 73.7
0.5  12.5  67 33
0.38  9.5  85.9 14.1
NO. 4  4.75  97.2 2.8









As previously mentioned, two coarse aggregates were used.  This allowed two 
different sources of data between the two different coarse aggregates used.  River Gravel 
was used for one.  River Gravel has a higher absorption rate but a weaker bond.  
Limestone has a low absorption rate but a stronger bond than River Gravel.  Although, 
Limestone is used for shafts, the River Gravel was used because it was thought to have 
higher sensitivity to the vibrations. 
The admixture was used for certain batches to help gain a higher slump and to 
make the concrete more workable. However, there were only a few batches that required 




3.2.2 Concrete Mix Design 
The concrete mix design was done by studying previous shaft mix designs given 
by MMC and taking into account the material properties that were used to mix the 
concrete batches.  The initial mix design, which is shown in Table 3.4, was provided by 
MDOT and was used for a basic guide to help create similar batches with the same 
properties as a concrete mix used for drill shafts.  
 











3.2.3 Mixing Concrete 
The concrete batches and cylinders were mixed and poured in their cylinder 
molds in accordance with ASTM C 192.  18 4x8in. cylinders were made per batch.  9 of 
the cylinders were the controlled set, and the other 9 were the vibrated set.  Along with 
making the cylinders, the unit weight, slump, time of set, which took around 5 hours to 
find, and concrete temperature tests were performed and measured for several of the 
batches.  These tests were also done in accordance with ASTM standards.  The results of 
these tests are shown in Appendix A.  After the cylinders had been placed in their molds 
for 24 hours, they were then removed and placed inside a lime bath for curing until 
further compressive and resistivity testing occurred.   
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3.2.4 Vibration Tests 
Once the concrete cylinders were cast, the only thing left to do was subject half of 
the cylinders to the shake table vibrations.  As previously mentioned, each batch was 
unique when being subjected to vibrations and were set up in matrices that are shown 
below in Tables 3.5 and 3.6. 
 
Table 3.5 Matrix Vibration 1in/s 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes          
Table 
20 
minutes          
Duration 
30 
minutes          
      Vibration Intensity of 1 in/s 
 
The matrix above was used to measure 18 different batches of concrete.  9 batches 
were made using Limestone coarse aggregate, and the other 9 batches were made using 
River Gravel coarse aggregate.  The compressive strength of these batches was measure 
at 1 day, 7 day, and 28 day intervals from the day the batch was made.  3 cylinders a day 
were measured from the controlled set, along with 3 cylinders from the vibrated set.   
This test went in accordance with ASTM C 39.  Along with the compressive strength, the 
resistivity of the cylinders was measured at these days as well.  
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Table 3.6 Matrix Vibration 0.5in/s to 2.0in/s 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel             
Limestone             
   4 hours after batch for 20 minutes 
 
The second matrix displays various vibration intensities that were all set on the 
shake table for 20 minutes, 4 hours after the batch was made.  Both Limestone and River 
Gravel were measured for these intensities.  The results of this data are displayed in the 





The results of this experiment were to find how acceptable concrete is when 
subjected to various vibrations and whether these vibrations cause any harm to the 
concretes structural properties.  In finding these results, the vibrated cylinders were 
compared to the controlled cylinders.  As previously mentioned, the compressive strength 
and the resistivity of the concrete cylinders were tested and compared.  3 cylinders from 
the controlled set and 3 cylinders from the vibrated set were tested every 1, 7, and 28 
days after the batch was made, making a total of 18 cylinders per batch.  The average 
values of the controlled and vibrated cylinders were taken and compared by placing them 
in Equation 4.1. 
 	% ∗ 100 (4.1) 
Once these calculations were made, it could be shown how the vibrations affected the 
concrete.  A negative vibration% means that the vibrations were harmful to the concrete 
and a positive vibration% means that the vibrations were helpful.  The following tables 
and figures are the findings of the 24 concrete batches that were subjected to vibrations in 
this experiment.   
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4.1 Compressive Strength 
 
Table 4.1 Limestone 1 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  3.82 2.82 ‐2.00
Table 
20 
minutes  5.23 ‐0.19 5.71
Duration 
30 
minutes  16.70 13.39 1.32
      Vibration Intensity of 1 in/s 
 
Table 4.2 River Gravel 1 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  26.07 2.04 6.51
Table 
20 
minutes  ‐1.98 3.70 0.35
Duration 
30 





Table 4.3 Limestone 7 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  6.17 0.09 1.19
Table 
20 
minutes  ‐3.49 2.26 1.81
Duration 
30 
minutes  1.43 ‐9.80 1.51
      Vibration Intensity of 1 in/s 
 
Table 4.4 River Gravel 7 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  17.37 0.57 3.56
Table 
20 
minutes  3.65 4.80 4.50
Duration 
30 
minutes  3.69 ‐0.66 ‐4.27
      Vibration Intensity of 1 in/s 
 
Table 4.5 Limestone 28 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  4.71 2.55 ‐1.83
Table 
20 
minutes  ‐5.83 0.91 0.65
Duration 
30 





Table 4.6 River Gravel 28 day Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  ‐0.12 2.75 2.45
Table 
20 
minutes  ‐1.44 4.90 ‐1.09
Duration 
30 
minutes  ‐2.59 ‐2.07 ‐3.77
      Vibration Intensity of 1 in/s 
 
Table 4.7 1 day Compressive Strength 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  ‐3.44 3.7 6.12 5.43
Limestone  9.55 ‐0.19 1.11 ‐3.29
   4 hours after batch for 20 minutes 
 
Table 4.8 7 day Compressive Strength 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  ‐8.10 4.8 0.59 6.50





Table 4.9 28 day Compressive Strength 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  1.88 4.9 3.31 ‐0.09








Figure 4.2 River Gravel 1in/s Compressive Strength 
 
 
Figure 4.3 4 hours 20 minutes Compressive Strength 
 
From the findings that were recorded, it was hard to find a trend in the data 
results.  Concrete has high variability, so it was necessary to perform an ANOVA test on 
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the batches of concrete made to find if the vibrations had a significant effect on the 
concrete compressive strength given the data set.  Performing these tests, the following 
tables below help represent the concrete batches that had a significant positive (+) or 
negative   (-) effect due to the vibrations subjected to the concrete cylinders, and it shows 
which days tested the cylinders had the effect.     
Table 4.10 Limestone ANOVA Compressive Strength 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake  10 minutes          
Table  20 minutes  28day(‐)       
Duration  30 minutes  1day(+)       
      Vibration Intensity of 1 in/s 
 
Table 4.11 River Gravel ANOVA Compressive Strength 
      Time After Batch 
   2 hours  4 hours 6 hours 
Shake  10 minutes  1,7day(+)       
Table  20 minutes          
Duration  30 minutes        1day(+) 
      Vibration Intensity of 1 in/s 
 
Table 4.12 ANOVA Compressive Strength 
   Vibration Intensity 










It is shown that the majority of the vibrations helped increase the compressive 
strength of the concrete.  Limestone had the only negative effect found followed by a 
positive effect.  River Gravel had more positive effects than the Limestone did, but the 
vast majority of the batches made had no effect from the subjected vibrations. 
4.2 Resistivity 
 
Table 4.13 Limestone 1 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  ‐4.55 ‐0.65 ‐1.60
Table 
20 
minutes  ‐7.86 3.73 4.05
Duration 
30 
minutes  ‐12.32 ‐7.75 ‐5.65
      Vibration Intensity of 1 in/s 
 
Table 4.14 River Gravel 1 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  ‐32.54 ‐6.84 0.00
Table 
20 
minutes  ‐1.87 11.76 ‐6.00
Duration 
30 





Table 4.15 Limestone 7 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  4.44 ‐10.13 ‐5.00
Table 
20 
minutes  5.66 ‐1.72 8.23
Duration 
30 
minutes  1.94 8.56 3.85
      Vibration Intensity of 1 in/s 
 
Table 4.16 River Gravel 7 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  7.88 ‐12.30 2.53
Table 
20 
minutes  ‐1.68 5.05 6.11
Duration 
30 
minutes  5.61 5.64 10.23
      Vibration Intensity of 1 in/s 
 
Table 4.17 Limestone 28 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  ‐7.54 ‐8.09 4.96
Table 
20 
minutes  4.67 ‐2.99 ‐4.90
Duration 
30 





Table 4.18 River Gravel 28 day Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake 
10 
minutes  14.58 8.70 5.83
Table 
20 
minutes  ‐1.26 10.82 15.35
Duration 
30 
minutes  1.88 ‐2.74 ‐2.64
      Vibration Intensity of 1 in/s 
 
Table 4.19 1 day Resistivity 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  ‐4.58 11.76 1.60 ‐2.50
Limestone  7.62 3.73 9.57 ‐1.23
   4 hours after batch for 20 minutes 
 
Table 4.20 7 day Resistivity 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  4.32 5.05 ‐0.50 ‐6.19





Table 4.21 28 day Resistivity 
   Vibration Intensity 
   0.5 in/s  1.0 in/s  1.5 in/s  2.0 in/s 
River 
Gravel  2.95 10.82 ‐0.70 ‐3.80








Figure 4.5 River Gravel 1in/s Resistivity  
 
 
Figure 4.6 4 hours 20 minutes Resistivity 
 
From the data shown above, the resistivity does not have a specific pattern that it 
follows.  An ANOVA test was conducted for the resistivity, similar to the one done for 
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the compression strength, in order to determine if there was a significant difference 
between the vibrated and the controlled cylinders. 
 
Table 4.22 Limestone ANOVA Resistivity: 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake  10 minutes  28day(‐)       
Table  20 minutes        28day(‐) 
Duration  30 minutes  1day(‐)  28day(‐)    
      Vibration Intensity of 1 in/s 
 
Table 4.23 River Gravel ANOVA Resistivity 
      Time After Batch 
   2 hours  4 hours  6 hours 
Shake  10 minutes  1day(‐)  7(‐),28(+)    
Table  20 minutes     28day(+)    
Duration  30 minutes     7day(+)  1day(+) 
      Vibration Intensity of 1 in/s 
 
Table 4.24 ANOVA Resistivity 
   Vibration Intensity 










The Limestone shows a greater number of negative values than the River Gravel.  
This could be due to its lower absorption rate and the vibrations causing possible cracks 
along the concrete cylinders, but, from the compressive strength tests conducted, it does 
not appear that the negative resistivity values had a significant effect on the strength of 
the concrete.    
4.3 Compressive Strength vs. Resistivity 
 




Figure 4.8 Vibrated Avg. Compressive Strength vs. Vibrated Avg. Resistivity 
 
 
Figure 4.9 Compressive% vs. Resistivity% 
 
The figures above show the relationship between the resistivity and the 
compressive strength.  On average, the higher the resistivity value is, the higher the 
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compressive strength becomes, which indicates that corrosion is more unlikely, as 
previously mentioned in section 3.1.2.  These values both increase with age.  This is 
depicted in the first two graphs.  However, there does not seem to be a reasonable trend 





The Mississippi Department of Transportation wanted to perform research on the 
acceptability of vibrations on green concrete to help improve their construction patterns 
and possibly decrease the expense that construction provides.  The field observations 
were taken and replicated in the experiment lab.  From the results that were shown in the 
previous chapter, it has been found that the majority vibrations did not create a significant 
effect on the structural properties of the concrete given the vibration levels and timed 
durations stay within the limits of this study.  Agreeing with Hulshizer and Desai, it 
would be safe to assume that higher shock-vibrations and intensities could be established 
if additional research were performed [2].   
As previously mentioned, there was some negative vibration% found for some of 
the batched performed, but the vibrations proved to have more positive effects than 
negative effects.  Further future research could be performed on the acceptable vibrations 
on green concrete if felt necessary.  Although, the findings performed in this experiment 
coincide with those found in past published articles and experiments dealing with various 
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